Analogous to metagenomics, environmental transcriptomics (metatranscriptomics) retrieves and sequences environmental mRNAs from a microbial assemblage without prior knowledge of what genes the community might be expressing. Thus it provides the most unbiased perspective on community gene expression in situ. Environmental transcriptomics protocols are technically difficult since prokaryotic mRNAs generally lack the poly(A) tails that make isolation of eukaryotic messages relatively straightforward 1 and because of the relatively short half lives of mRNAs 2 . In addition, mRNAs are much less abundant than rRNAs in total RNA extracts, thus an rRNA background often overwhelms mRNA signals. However, techniques for overcoming some of these difficulties have recently been developed. A procedure for analyzing environmental transcriptomes by creating clone libraries using random primers to reverse-transcribe and amplify environmental mRNAs was recently described was successful in two different natural environments, but results were biased by selection of the random primers used to initiate cDNA synthesis 3 . Advances in linear amplification of mRNA obviate the need for random primers in the amplification step and make it possible to use less starting material decreasing the collection and processing time of samples and thereby minimizing RNA degradation 4 . In vitro transcription methods for amplifying mRNA involve polyadenylating the mRNA and incorporating a T7 promoter onto the 3 end of the transcript. Amplified RNA (aRNA) can then be converted to double stranded cDNA using random hexamers and directly sequenced by pyrosequencing 5 . A first use of this method at Station ALOHA demonstrated its utility for characterizing microbial community gene expression 6 .
Clean gloves should be worn whenever handling the filters or touching any of the interior components of the filter line. Forceps should be kept in clean, 50 ml conical tubes, preferably filled with ethanol. To prevent major changes in the transcript pool, keep filtering and sample handling times as short as possible. Place one end of the tubing into the water at the desired depth for sampling. On the opposite end, attach the high volume 3 µm filter. Connect the 3 µm filter to the 0.22 µm filter tower. Direct the outflow from the 0.22 μm into a graduated carboy. 33. This is a potential stopping point. RNA can be stored at -80ºC storage.
Discussion
The investigation of gene expression by natural microbial communities has become common in recent years as a means to explore the ecological roles and functions of microorganisms. Used in combination with the detection, quantification, and characterization of marine microorganisms, analyses of gene expression can be used to link phylogeny to function in natural microbial communities. Many techniques for targeting functional gene expression rely on specific probes or primer sets designed for genes of known sequence. In contrast, environmental transcriptomics can be used to examine gene expression without constraints imposed by existing sequence data and with preference for those genes being actively expressed. Analysis of the mRNA pool in the environment can therefore provide one of the most effective ways of discovering connections between key activities and the organisms that mediate them.
The initial application of environmental transcriptomics provided one of the first views of the composition and dynamics of the bacterial mRNA pool in a natural ecosystem 3 . Analysis of the expressed genes in transcript libraries from both a coastal salt marsh (Sapelo Island, GA) and an alkaline, hypersaline lake (Mono Lake CA) revealed gene sequences of biogeochemical interest, including environmental variants of several functional genes such as chitinases and sulfur oxidation genes that were specific to each of these ecosystems. It also provided evidence for novel, unexpected processes such as the microbial degradation of vascular plant-and algal-derived polyamines as a possible carbon and nitrogen sources.
As molecular techniques evolve to reduce the limitations associated with working with RNA from environmental samples and sequencing technologies improve, environmental transcriptomics has become a more widely used technique. It has been used to examine the functions of microorganisms in the surface ocean 6 and to compare day and night functional gene expression within the same environment 7 . Environmental transcriptomics can also be used for gaining a better understanding of microbial responses to specific environmental factors and biogeochemistry. Genes or functions discovered using this technique can serve as targets for more quantitative studies of gene expression such as microarrays and quantitative PCR.
